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Learning Objectives

« Recognize the early signs and physiologic changes associated
with the different types of shock

 Evidence-based escalation strategies to improve outcomes in
patients with shock

Baystate
l@“, Health




Cardiogenic Shock - Definition

CS is defined as a state of tissue hypoperfusion and end organ

dysfunction owing to a primary cardiac disorder with low cardiac
output (CO)

ISHLT/HFSA guidelines (JCF 2023)
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Pathophysiology

Early recognition of shock hinges
on detecting tissue
hypoperfusion (lactate, organ
dysfunction) before overt
hypotension develops,
compensatory
vasoconstriction can maintain a
normal or near-normal blood
pressure well into circulatory
failure—particularly in previously
hypertensive patients.
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Mortality by Etiology
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Berg D. et al., Eur Heart ] Acute Cardiovascular Care, 2024
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SCAI Classification
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CENTRAL ILLUSTRATION: Clinical Variables and Parameters to Define
Society for Cardiovascular Angiography and Interventions Stages

SCAI . A I B I C I D E
Ahock Stadd Hemodynamically Hemodynamically Hypoperfusion = Failure to stabilize Extremis /
stable unstable Shock with initial therapy refractory shock

A B C D . E
SCAI-CSWG I I l I

Shock Stage i Hypotensive or Hypotensive and
. Hemo:tg;zn&:ncaﬂy hypoperfusing and hypoperfusing or Failure to stabilize Extremis /
untreated treated with initial therapy refractory shock
Loss of Loss of 5i 0 B it
Com tion Com) tion Deterioration Deterioration
HYPOTENSION SBpP 60-90 mm Hg 60-30 mm Hg 60-90 mm Hg <60 mm Hg
MAP 50-65 mm Hg 50-65 mm Hg 50-65 mm Hg <50 mm Hg
OR AND AND OB
Lactate 5.5 mmol/L OR 2-5 mmol/L OR >5-10 mmol/L OR AL
HYPOPERFUSION  ALT 200-500 U/L 200-500 U/L >500 U/L OR
pH <7.2
AND AND OR OR
TREATMENT INTENSITY: No Drugs No Drugs Total of 2-5 >3 Drugs OR
Vasoactive Driigs No Devices No Devices Drugs or Devices >3 Devices
Inotropic Drugs —_—
Acute Mechanical Circulatory Support Devices | OR: | OR
Intra-Aortic Balloon Pump
Impella (2.5, CP, 5.0, 5.5, or RP)
TandemHeart (LV or RV Support) 1Drug 1Drug
VA-ECMO OR OR =
1 Device 1 Device Out-of-hospital
without with persistent cardlac arrest
hypotension or hypotension or
hypoperfusion hypoperfusion

Kapur NK, et al. J Am Coll Cardiol. 2022;80(3):185-198.




Mortality by SCAI Stage
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Nadu et al. , JSCAI, Jan 2022
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Mortality by SCAI stage and Etiology
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Berg D. et al., Eur Heart ] Acute Cardiovascular Care, 2024
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Initial Stabilization/ Revascularization

About 50% of patients with A el Circuiony Support
AMl CS Wl” need medlcal Vasoconstriction ¢ - > Vasndiiation
therapy alone. —— | h é e e

( Phenylephrine ) Norepnephnng Nitroprusside
S

i

- SHOCK TRIAL: early | Levosimendan
revascularization

- CULPRIT- SHOCK TRIAL: Positive inotropy
culprit lesion

revascularization

Thiele H, Hassager C. NEJM 2026
Hochman JS et al. NEJM, 1999
Thiele H et al., NEJM 2017
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FIGURE 2 Current Mechanical Circulatory Support Devices Used for the Treatment of Cardiogenic Shock

Left ventricular support

Right ventricular support
v’

17-21 F venous

Impella RP TandemHeart VA-ECMO IABP Impella TandemHeart
RA-PA (2.5, CP, 5.0, 5.5) LA-FA
Flow max 4.0 |/min max 4.0 |/min max 7.0 |/min 0.5 I/min 2.5-5.51/min max 4.0 |/min
Pump Speed 33000 rpm max 7500 rpm max 5000 rpm NA max 51,000 rpm max 7500 rpm
Mechanism Axial flow continuous Centrifugal flow Centrifugal flow Balloon Axial flow Centrifugal flow
pump continuous pump continuous pump inflation-deflation continuous pump continuous pump
(RA-to-PA) (RA-to-PA) (RA-to-AO) (AO) (Lv-to-AO) (LA-to-AO)
Cannula Size 22 F venous 29 F venous 14-19 F arterial 7-8 F arterial 13-21F arterial 12-19 F arterial

21 F venous

Insertion/Placement
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Considerations

* RECOVER RIGHT:
73% survival-to-30
days in RVF post
LVAD, AMI or
cardiotomy

* May 2019 - FDA post-
approval study: 33%
survival-to-30 days

* |J access may
facilitate early
ambulation

* Bi-V + oxygenation
support for CS
following:

- AMI, ADHF or cardiac
arrest

- Cardiotomy

- Myocarditis

- Allograft rejection

* Requires stable
cardiac rhythm and
native heart function

* May consider
in select cases of
post-AMI mechanical
complications

* June 2008 — FDA 510(k)
approval for HR-PCI

* April 2016: Expanded
Indication for CS

* Contraindicated with
mechanical aortic valve,
LV thrombus

* Requires transseptal
access

* Oxygenator may be
added to the circuit
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MCS - the Evidence

Cardiogenic shock in MI patients
1. IABP -SHOCK II: N=~ 600, IABP vs medical therapy. No difference in
mortality

2. IMPRESS: N= 48, microaxial flow pump vs IABP, no difference in
mortality

3. ECLS-SHOCK: N= 420, early ECLS vs standard treatment. No
difference in mortality, significant device associated morbidity

4. DanGer- Shock: N=334, microaxial flow pump vs standard of care,
180-day mortality was lower with MCS but vascular complications,
hemolysis, bleeding were higher

Cardiogenic shock in heart failure patients

1. ALTSHOCK: N ~ 100, early IABP vs. standard of care, no difference in
mortality

el Baystate . Thiele H, Hassager CNEJI\/I2026
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Summary of the Evidence
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B Mechanical Circulatory Support

7 S —
|

Shock-team consultation

¥ L 4 ¥
Secondary C shock Heart failure Acute myocardial infarction
<10% >50% <50%
¥ ¥ ¥
STEMI Non-STEMI Mechanical
approx. 66% approx. 30% complication
I | approx. 3%
A4 v l l
Acute new Acute combined No cardiac arrest Cardiac arrest
approx. 25% with chronic approx. 50% approx. 50%
approx. 75% |
2 !
LV failure with no
risk of brain injury
(<10% of all
cardiogenic shock)
¥ ¥ ~ ! Routine use: ~
Only in Only in selected patients as bridge Routine use: no mortality benefit Only in
mortality benefit with harm selected patients

selected patients

to LVAD or heart transplantation

C  Evidence

‘ Cohort studies

Matched comparison

RCTs and meta-analyses

|

Case control

Thiele H, Hassager C. NEJM 2026




How Do We Improve Outcomes?

CENTRAL ILLUSTRATION: Optimizing Management of the Percutaneous
Ventricular Assist Device-Supported Patient

Vascular Access Patient Selection

« Echo guidance « Individual

* Monitoring ischemia hemodynamics
« Before PCI
« Closure

« Timing

Optimal Outcome

Eump Position 3 ‘ B¢ Hemocompatibility
» Pump console X A » Hemolysis
« Echocardiography - ) * Purge

« Radiography o « Anticoagulation &
monitoring

Hemodynamics

*SIRS

* Suboptimal pump
performance

« Increased demands

Balthazar, T. et al. J Am Coll Cardiol. 2021;77(9):1243-56.
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Coordinated response: SHOCK TEAM

CENTRAL ILLUSTRATION Prototypical Shock Team Workflow and Assodated Outcomes Recent meta_analySIS Of predomlnantly
PT——— observational studies showing reduction in
Evaluation

Suspected

30-day mortality with hemodynamic
monitoring in shock.

The benefit was more pronounced in those
studies utilizing PAC and for cardiogenic

shock.
Therapeutic Intervention

Shock Team vs Mo Shock Team

Center Population Characteristics

p— E P<0.001 P=0.016 P= 0,005 P= 0016
ogenic shock
g %
AMI-CS (%) 27vs 28 gE 4%
B 43%
Admission lactate SE
(mmol/L) A3VeE2 53 "
5 3%
PCWP (mm Hyg) 2Bvs 2 E
€1 (Lfmin/m?) 19vs2.0 2
CPO (W) 0.62 vs 0.64 PAC Overall MCS  *Advanced MCS  CICU Mortality

M shock Team B Mo Shock Team

Papolos, AL etal J Am Coll Cardiol 2025 7812 LT209-1317.
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The First 24h: a Roadmap

Omin 30 min 60min 90 min 6 hours 12hours 24 hours
Initial evaluation Initial mansgement ' Stabilization; ' Further escalation or
Sedlal reassessment of reconfiguration of tMCS
shock trajectory (4 appropriate)
Symptoms / Signs Shock team activation " Lo
(where available)
Urine output
Optimization of therapy to achieve decongestion, metabolic,
Sustained hypotension \ and hemodynamic targets '
To higher l | Initiate . - ’ |
Perfusion R’ [lonl of care transfer _
Personalized interventions {eq. coronary revascularization,
Eca/ EMW""‘ | WC/coronary | structural interventions, ablation)
: angography -
Coc\gﬁbon + PCI
To cardiac 2 'ﬂ.ohmoul :
Triage *| catheterization angiography ’ Assessmant of “exit strategy” (native heart recovery
laboratory i or hnn roplocomont thoupbs)
Il £ RHC B
Assessment of eticlogy & {leave-in)
severty of cardiogenic shock s >
Palliative care engagement for rofractory shock with limited
SHARC dassification ks oa ; ——~| £ tMCS therapeutic options
SCAI staging
Othaer risk tools

Sinha S. et al. JACC 2025; 85:1618-1641
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Take home messages

« Recognizing hypoperfusion is key for early detection of shock

* Invasive hemodynamic assessment and monitoring allows for
timely diagnosis and can improve outcomes in cardiogenic shock

e [tis not the pump that saves lives, it is the team
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Thank You!

Cecilia.Berardi@baystatehealth.org
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